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Docket No. ATOPH:52516 



METHOD OF MANUFACTURING IMMUNE GLOBULIN 



BACKGROUND OF THE INVENTION 



5 



Field of the Invention: 



This invention relates generally to a method for the preparation of an 



immune globulin suitable for intravenous use, and more particularly concerns a method 
of manufacturing immune globulins for treatment of type I allergies. 



Description of Related Art: 

Immune globuhn or immunoglobulin is commonly obtained from pooled 
plasma samples from donors, and typically contains IgG antibodies to various bacterial 

15 and viral infectious agents, making it usefiil for prophylaxis and treatment of disease, 
particularly in patients with compromised immune systems that make them susceptible 
to infections. Patients with normal immune systems may also require IgG antibodies 
in order to overcome certain infections that currently cannot be effectively treated with 
antibiotics. Many uncommon bacterial infections and viral infections against which 

20 patients may have no normal immunity can be treated by administration of immune 
globulins. 



selected for high titers of specific antibodies, and has been used to prevent hepatitis B, 
tetanus, rabies, and varicella-zoster as well as to prevent immunization to the Rh-factor 
25 in Rh-negative mothers. Individuals who have recovered from bacterial illnesses 
typically develop antibodies that can confer immunity in others to the illness. 



10 



Hyper-immune serum globulin is obtained from plasma from donors 
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Antitoxins have been shown to be of great value in treating patients 
envenomated by bacterial toxins or from the bites of venomous snakes or stings of 
insects. Such antivenins were mostly derived from the serum of immunized horses but 
are today almost exclusively obtained from the plasma of immune donors from which 
5 the antibody or antibodies are removed. Such antibodies occur in the gamma globulin. 
A small portion of the population is extremely sensitive (allergic) to the stings of flying 
insects, especially honey bees, wasps, hornets and yellow jackets (the hymenoptera). 
The advance of aggressive Africanized or so-called "killer" bees has also increased 
risks for the general population from multiple bee stings and especially for individuals 

10 highly allergic to bee venom. In view of these risks, it is desirable to provide a 
relatively inexpensive method for manufacturing immune globulins that can provide 
protection against serious life threatening allergic reactions such as anaphylaxis and/or 
can be used as an antitoxin to neutralize the toxic properties of the venoms and prevent 
"end organ" damage, thus possibly saving the life of the victim of the stings. 

1 5 Intravenous administration of immune globulin allows the desired level of circulating 
antibody to be reached quickly. However, intravenous injections of many immune 
globulin products can lead to reactions that are caused by aggregation and 
fragmentation of the immune globulin which forms during the fractionation and 
preparation of the product. It is desirable, therefore, to provide a method of 

20 manufacture of immune globulins that is safe and effective, meeting current standards 
for sterility and pyrogenicity. The present invention meets these needs. 

SUMMARY OF THE INVENTION 

25 Briefly, and in general terms, the present invention provides for a method 

of manufacture of immune globulins that is safe and effective, meeting current 
standards for sterility, pyrogenicity, residual moisture, and general safety. 

In a presently preferred embodiment, the present invention provides for 
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a method of manufacturing immune globulins that comprises the steps of concentrating 
the raw immune globulin solution; freezing the concentrated immune globulin solution; 
thawing the frozen concentrated immune globulin solution; adding sufficient glucose 
to the thawed concentrated immune globulin solution to yield an osmolarity of about 
5 0.25 to about 0.35 osmolar; filtering the thawed concentrated immune globulin 
solution; and lyophilizing the concentrated immune globulin solution. In a presently 
preferred embodiment, the raw immune globulin is provided by fractionating a sterile, 
purified donor plasma pool to provide a raw immune globulin solution; adding sodium 
chloride to the raw immune globulin solution to a final molarity in the range of about 

10 0.03 to 0.05M. In another preferred aspect of the method, the method further involves 
providing a sterilized donor blood plasma pool; purifying the donor blood plasma pool; 
adjusting the pH of the purified donor plasma pool to about 6.5; adjusting the 
conductivity of the purified donor plasma pool to a range of about 3.5 to 6.0 
millisiemens. The sterilized donor blood plasma pool is preferably from immune 

15 donors. In a presently preferred aspect, the donor plasma is treated with a virucide. 
In a currently preferred embodiment, the step of purifying the donor blood plasma pool 
comprises treating the sterilized donor blood plasma pool with microcrystalline silica, 
followed by separating the immune globulin solution fi*om the microcrystalline silica 
to yield a clarified donor plasma pool. In another presently preferred aspect of the 

20 method, the step of concentrating the raw immune globulin solution comprises 
concentrating the solution by ultrafiltration. 

The above methods have been found to produce an immune globulin 
product that is safe and effective for the treatment of Type I allergies. Furthermore, 
the methods disclosed produce a product that meets current standards for sterility and 

25 pyrogenicity. These and other aspects and advantages of the invention will become 
apparent from the following detailed description which illustrates, by way of example, 
the features of the invention. 
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DETAILED DESCPaPTION OF THE PREFERRED EMBODIMENTS 



Although antitoxins and antivenins have been developed and used for 
years, it is important that any immune globulins for prevention or treatment of 
5 reactions due to bee stings be safe and effective, meeting current standards for sterility, 
pyrogenicity, residual moisture, and general safety, to avoid severe reactions that may 
be caused by the immune globulins themselves. 

In the method for manufacturing immune globulins according to the 
present invention, a pool of virucide-treated donor plasma is first assembled, typically 

10 from donors who already have hj^er immune serum globulin. An aliquot pool of the 
plasma units is made typically to equal about 1 0 mL, prior to pooling, based on the 
original volumes or weights of the plasma bags. 

It is then necessary to determine the total IgG of the aliquot pool, the 
total IgG4 of the aliquot pool, the total antibody in the aliquot pool, and the proportion 

15 or percentage of blocking antibody in the IgG4 fraction in the aliquot pool. The 
determination of the total IgG of the aliquot pool is preferably performed by a sensitive 
technique for detecting and measuring antibodies in a solution, such as an enzyme- 
linked immunosorbent assay (ELISA) method, and/or Radial Immune Diffusion (RID) 
method, whichever give the most reproducible and accurate data against known 

20 standards. The total IgG4 of the aliquot pool can also be determined similarly by 
ELISA or RID methods. The total antibody can similarly by determined either by 
ELISA, or a radioimmunoassay (RIA) or RAST tests, providing the latter can be 
standardized for true quantitative determinations of specific antibodies. 

It is important to obtain the most accurate and sensitive assay of the 

25 proportion or percentage of the an ti- venom in the IgG4 fraction. The best method is 
an ELISA technique that reacts with bee- venom specific antibody of the plasma pool. 
This technique requires comparison with an anti-total IgG. An acceptable alternative 
is the determination of the ratio of diffusion of the IgG and IgG4 in RID plates. The 
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purpose of this analysis is to compare the final IgG4 preparation in order to estimate 
losses and costs of production. These tests are required because IgG4 offers a unique 
ability to provide blocking antibody with known freedom from any ability of the 
antibody to bind to mast cells and basophiles, unlike IgG 1 , IgG2 and IgG3 , which have 
5 low affinity receptors for these important allergy mediator cells. Pure IgG4 blocking 
antibody has not been used before for this purpose. 

Later in the method, the same series of tests are required on the 
fractionated globulin, first as a confirmation of the tests performed on the donor 
plasma, but also to estimate the dosage and vialing requirements and to estimate the 

10 costs of manufacturing. Other tests on the globulin preparations are really standard 
Good Manufacturing Practices (GMP). These in summary are: a) acute toxicology in 
two rodents; b) pyrogen tests by the Limulus method; c) sterility tests after sterile 
filtration and before vialing and lyophilization; d) total protein by Kjeldahl or other 
suitable methods; e) protein electrophoresis; f) total purity analysis for any 

15 contaminating proteins or other impurities; g) gel filtration for determination of split 
products or polymers; h) analysis for viral contaminants, e.g. HIV, HBV, HCV etc. by 
the most sensitive methods, extant; and i) other tests required by the FDA and in the 
Federal Register. 

20 PREPARATION OF BLOCKING-ANTIBODY PLASMA POOL 

Following testing of the donor plasma pool, the donor plasma pool is 
typically frozen for storage until it is time for further processing of the donor plasma 
pool. The plasma units selected fi-om prior antibody analysis (usually 600 to 800 
25 milliliters each), that are to constitute the final plasma pool to be fractionated, are 
removed from the fi*eezer and allowed to thaw at approximately 5° C for 48 - 72 hours. 
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The plasma units are then pooled into a sterile container under aseptic 
conditions in a class 100 or less clean room or laboratory air- flow containment area. 
The weight of the plasma pool is then measured to obtain the total volume. 

The plasma should be treated in accordance with a virucidal method, 
5 such as the "solvent-detergent" method of the New York Blood Bank or by careful 
heating to 60° C. Whatever method is used to sterilize the plasma pool, the plasma 
should be treated to make it comparable to the original plasma in terms of its suitability 
for fractionation by the method to be described. For example, it is necessary that the 
final post- sterilized pool have the same pH and ionic strength (as judged by 

10 conductivity measurements) as the original pre-sterilized pool of plasma. 

The sterilized plasma pool is then treated by adding approximately 7 
grams of microcrystalline silica (Aerosil 200) per liter of the pool. The Aerosil is 
previously sterilized at about 180° - 1 85° C for at least 4 hours in a hot air oven. The 
addition of the Aerosil to the plasma should be done aseptically. The plasma should 

15 then be stirred slowly (so as not to create foaming) for about 1 hour at room 
temperature under aseptic conditions. 

The suspension is then centrifuged at about 3000 x g for about 30 
minutes at 2-8° C degrees centigrade. The supemate is carefully decanted into a large 
sterile and depyrogenated container. The Aerosil pellet is then resuspended in a 

20 volume, equivalent to 1 4% of the starting volume of the plasma, of pyrogen- free 0.9% 
sodium chloride solution. After mixing, the suspension is centrifuged at about 3000g 
for 30 minutes at 2-8° C, maintaining sterility throughout the procedure. The 
supemates are then combined and the plasma pool is clarified by passage of the plasma 
pool through a sterile Millipore AW 19 pre-filter, or equivalent membrane. The 

25 conductivity of a small sample of the filtered pool should then be determined and the 
bulk solution diluted with sterile pyrogen-free distilled water to reach a conductivity 
of 3.5 to 6.0 millisiemens, after the addition of N/10 HCl to bring the pH to 6.5. 
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FRACTIONATION OF THE PLASMA POOL 

The fractionation method described requires the passage of the plasma 
through anionic and cationic resin beds. It is recognized that there are several 
5 alternative choices that can accomplish the aim of separating in pure form clinically 
effective IgG4. The method described in detail that follows is the presently preferred 
one. 

The diluted plasma is passed through a suitable size bed (16-50L) of 
DEAE-sepharose (CL-6B) which has been equilibrated with 0.025 M sodium 

10 phosphate at pH 6.5. The material is pumped through the bed at the rate of about 175 
mL/minute. The plasma should then be followed with 0.02 5M sodium phosphate pH 
6.5. The pH 6.5 buffer solution contains 0.653 gm Na2HPO4.H20 and 2.855 gm of 
NaH2PO4.H20 per liter of distilled water (Pyrogen free) at 25° C. The effluent is 
preferably monitored at 280 nM with a suitable instrument, such as the Pharmacia 

1 5 Single Path Monitor UV- 1 . The effluent can be collected when the UV trace on the 
recorder indicates a sharp rise in absorbency, and collection is continued until the 
absorbency drops to about 5% of the peak value. 

The effluent is maintained at pH 6.5, and is passed directly through a 
similarly prepared, but about one third the column volume, of CM-sepharose (CL6B) 

20 equilibrated to pH 6.5 with 0.025 M sodium phosphate buffer as above. The material 
is pumped through the column as before, at about 175 mL/minute. The protein solution 
should then be followed with 0.025 M sodium phosphate at pH 6.5. 

The effluent is then monitored as before at 280 nM with a suitable 
instrument, and the effluent should begin to be collected when the UV trace on the 

25 recorder indicates a sharp rise in absorbency. Collection should be continued until the 
absorbency drops to about 5% of the peak value. This effluent is mostly, if not 
entirely, IgG4. The resin beds as well as the buffer solutions and collecting vessels 
should be pyrogen-free and sterilized by autoclaving. 
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Sodium chloride (sterilized and pyrogen-free) is then added to a final 
level of 0.03 to 0.05M, and the effluent immune globulin is concentrated, preferably 
by ultrafiltration with a suitable apparatus, such as the Millipore Cassette System with 
a 10,000 nominal molecular weight cut-off membrane (PTGC 000 05 ca No). The 
5 filtration rate is about 425 mL/minute and the approximate inlet and outlet pressures 
are 16 psi and 10 psi respectively. When the starting volume has been reduced about 
70-fold, the cassette is flushed with about 300-500 mL of 0.0 5M sodium chloride 
solution, and this is added to the immune globulin concentrate. The solution is then 
fi*ozen and maintained at -30°C or lower. The solution is then thawed, and sufficient 
10 sterile and pyrogen-firee lactose is added to the bulk solution to result in a solution of 
about 0.25 to 0.35 osmolar. The concentrated immune globulin is then sterile filtered 
through a 0.22 micron membrane filter, and stored at about -10°C or colder until 
vialing and lyophilization. 

15 VIAL FILLING AND FREEZE DRYING 



The sample is then thawed at about 5° C, and filtered through a 0.22 
micron filter. Samples are removed for tests of sterility, pyrogenicity and potency. 
Following successful testing, the vials are filled aseptically at a specified fill volume 
20 of bulk solution. The vials are subjected to a standard fi*eeze-dry cycle, and the 
chamber is restored to atmospheric pressure with sterile nitrogen. The freeze-drying 
cycle is dependent on the apparatus used or the vendor used if this work is sub- 
contracted. 

Samples are obtained for moisture determination during drying of the 
25 product at full vacuum at the terminal drying temperature. After acceptable moisture 
results have been obtained, the chamber should be restored to atmospheric pressure 
with sterile nitrogen. Within the lyophilizer, the ft-eeze-dried vials should be 
aseptically stopped and sealed. 
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The results of these methods is the production of an immune globulin of 
high effectiveness and safety for the treatment of a wide range of Type I allergies while 
maintaining current standards for sterility and pyrogenicity. 

5 It will be apparent from the foregoing that while particular forms of the 

invention have been illustrated and described, various modifications can be made 
without departing from the spirit and scope of the invention. Accordingly, it is not 
intended that the invention be limited, except as by the appended claims. 
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